Introduction
Like many other lakes, Lake Biwa, the largest lake in Japan with an area of 670 km2, has undergone progressive eutrophication in recent years. In particular, its small (57 km2) and shallow (mean depth, 3.5 m) south basin receives a large amount of sewage and industrial wastes from surrounding areas, and has resulted in a eutrophic condition.
Although many studies have been carried out on the water quality and biota of Lake Biwa for the past several decades (MoRi, 1980) , there was almost no report that studied simultaneously the temporal variations of phytoplankton and nutrient levels as surveyed by short intervals such as a few days to one week. In shallow and eutrophic lakes like the south basin of Lake Biwa, especially in nearshore waters, dominant species and standing crop of phytoplankton are suggested to change significantly during a short period under the influence of temporal changes in nutrient supply from inflowing rivers and bottom sediments.
The purpose of the present study was to clarify the temporal variations of phytoplankton and important nutrients, i. e, phosphorus and nitrogen, and their relationships.
Methods
For the sake of frequent observations, samplings of water were made at the point of the pier at the Otsu Hydrobiological Station, Kyoto University, located on the west coast of the south basin (Fig. 1) . Since water depth at this site was shallower than 2 m, lake water became frequently turbid by resuspension of sedimented matter even under gentle wind. Moreover, a small river and several ditches containing a high sewage concentration poured into the lake near the sampling site. For these reasons, nutrient levels of lake waters at the sampling site were expected to be higher than those of offshore waters. Surface waters were collected with a clean bucket at 7-to 10-day intervals. About 200 ml portion of the collected water was immediately fixed with LUOOL solution and allowed to stand for over 48 hrs for sedimentation of plankton. The precipitates were observed with a microscope for the determination of dominant phytoplankters.
Another portion of the collected water was filtered through a glass fiber filter (Whatman, GFj C) . Residues retained on the filters were used for the determination of chlorophyll a by the method of UNESCO (1969) . Dissolved inorganic phosphorus (MURPHY and RILEY, 1962) and nitrate plus nitrite nitrogen (diphenylamine method after SAIJO (1962)) were determined by using the filtrates. Total phosphorus was measured by the persulfate oxidation of raw water (MENZEL and CORwIN, 1965) .
Results and Discussion
The maximum (27°C) and minimum (3°C) surface water temperatures were observed in August 1980 and in early January 1981 in the first year, respectively. However, a higher temperature of about 30°C was recorded at the end of July 1981 in the second year, when this study terminated.
Seasonal succession of some dominant phytoplankters is shown in Fig. 2 . Dominant phytoplankters, which appeared almost throughout the year, were the diatom Melosira and the flagellate Cryptomonas. The most predominant phytoplankters from winter to spring were Fragilaria, Asterionella and Cryptomonas. From June to November, green algae dominated approximately with the following succession: Closterium, Pediastrum and Staurastrum. Besides the above-mentioned genera, Anabaena, Uroglena or Mougeotia dominated for short periods of time. It was high in late spring and autumn, and low in late summer and winter. The maximum chlorophyll a concentration (28 g-l') was observed at the beginning of May 1981, when the flagellate Cryptomonas was most predominant.
It can be suggested from Fig. 3 that two periods with high phytoplankton standing crop, each having several sharp peaks, appear in the south basin of Lake Biwa, i. e. one in spring and the other in autumn. The appearance of such two periods with high phytoplankton standing crop is interesting, since no thermal stratification develops throughout the year in the south basin because of its shallowness. The annual mean concentration of chlorophyll a from May 1980 to April 1981 was 9.4 pg • l-1. Thus, the level of chlorophyll a concentration at the study site was intermediate between the levels of mesotrophic and eutrophic lakes. The level of chlorophyll a in offshore waters of the south basin was almost the same as that in nearshore waters (TEZUKA, unpublish- centration of chlorophyll a and the annual mean concentration of total phosphorus. According to his formula, the chlorophyll a level (9.4 ,ug-l 1) at the study site is too low with reference to the total phosphorus level (47 ,ug• l-1) . In addition, there was no clear correlation between the concentrations of chlorophyll a and total phosphorus or dissolved inorganic phosphorus, as can be easily seen from Figs. 3 and 4.
Nitrate plus nitrite nitrogen was analyzed only from July 1980, and the initial stage of this analysis was done only qualitatively or semi-quantitatively (Fig. 5) . In spite of such situation, it is evident that these forms of nitrogen disappeared frequently in summer of 1980, and their concentrations were high in other seasons except for a short period of autumn, when a bloom of Melosiya appeared.
The predominance of heterocyst-bearing Anabaena in July 1980 (Fig. 2) might have some connection with the shortage of dissolved inorganic nitrogen.
A bloom of Anabaena also appeared from August to September 1981 in the south basin with the concomitant shortage of dissolved inorganic nitrogen (TEZUKA, unpublished). As mentioned above, no clear thermal stratification of water develops in the south basin throughout the year. Nevertheless, high standing crop of phytoplankton appeared in spring and autumn as in many dimictic lakes. Low phytoplankton standing crop in winter may be attributed to low water temperature and low light intensity, whereas low phytoplankton standing crop in summer is considered to be due to the shortage of dissolved inorganic nitrogen in the lake water.
The south basin of Lake Biwa is nourished mainly by a large amount of the surface water of the north basin. The north basin (mean depth, 45.5 m) is a typical monomictic lake(i. e., one circulation period appears only in winter).
Hence, detailed chemical analyses of water in the north basin will give clues to clarify the reason 
